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INTRODUCTION 
Chapter-l INTRODUCTION 
Water is the most important entity for life and therefore is a 
universal fact that life exists on earth because of water. There are 
evidences that suggest that life originated in water and migrated to 
land during the evolutionary process. 
Water is marvellous substance flowing, around obstacles in 
its path and constantly moving from sea to land and back again. 
Water is the medium in which all living processes occur. Our 
developments and daily needs are fulfilled with water. We use 
water for irrigation, industries, domestic needs, shipping and for 
sanitation. Agricultural sector is the major use of water. The 
agricultural sector itself claims about 69% of total available water 
globally and 93% in India. A minimum of 4% water is availed in 
Kuwait (Fig. 1). The main source of water in India is rain and 
about 400 million hectare meter/year is added by the rain. 
Water resources are developed primarily for irrigation, 
domestic use, power generation and industrial use. Water 
requirement for irrigation are by far the highest among various 
uses of fresh water. Current estimates puts the potential irrigated 
area around 106 million hectare out of which 72 million hectares 
irrigated by ground water resources. 
s 
o 
Q 
m 
GO 
iVLVz 
•q 11-' -^  ^ " -^  -
E60n: 
-t—' 
c 
N 
Q. 
SO 
w 
o 
c 
\— 
C 
o. 
< 
oj 
C 
U 
-^Industries are very much dependent on adequate water 
supply. The quantity of water used by industries varies widely 
Major water user industries are steel, paper, textile, chemical and 
petroleum refining. They account for nearly 80% of industrial 
water. 
Domestic water requirement vary from season to season and 
from rural to urban areas. The per capita consumption of water has 
been found to increase with the standard of living but the per 
capita water use has declined in many cities as a result of 
tremendous growth in their population. 
The world is facing the increasing pressure on water 
resources and widespread water shortage in many areas for three 
reasons, namely increasing demand, unequal distribution of usable 
fresh water and increasing pollution of existing water. 
Because of limited availability of fresh water and the 
impending shortage, the basic attitudes to the problems of disposal 
of waste water is rapidly changing. As long as the human 
populations were small and communities were scattered over large 
areas of land, the disposal of wastes created no problem. The 
problem took serious concern only due to multifold increase in the 
population./The domestic and industrial wastes into aquatic system 
have caused damage to the water resources to a larger degree. 
Thus the emphasis on the treatment of sewage and industrial 
wastes for purification was laid down. In this context the 1972 
Cledh Water Act established a National Pollution Discharge 
Elimination System (NPDES), which required an easily revoked 
permit for any industry, municipality or other entity dumping 
wastes in surface water. This act helped to save water from 
addition of wastes and only 10% of pollution and wastes came 
from industries or municipal sources. Besides such acts and 
limitations addition into water bodies is still a control practice in 
many part of the world.x 
Sewage waste is biodegradable and valuable source of plant 
nutrients (Overman, 1979). It could be potential source of 
fertilizer, if they were not contaminated with industrial wastes 
(Shahalam el al., 1998). 
The ash from the sewage sludge has been considered as a 
source of valuable minerals. Therefore, conservation of water and 
nutrients in it have gained importance all over the globe. 
Planned reuse of this waste water resource has been 
documented as early as in 16"' century in Europe. Waste water 
reuse is referred as the use of treated waste water for a beneficial 
goal such as crop irrigation. This practice is of particular 
importance in arid areas and waste water disposal regulation (De 
Boer and Linstedt, 1985). 
Records shows that the practice of sewage farming began in 
19'^ '' century in Europe, United States, Australia and India 
(Carincross, 1992). Countries like India, Israel and South Africa 
are using 20-25% of waste water effluent for agricultural purposes 
(Ross, 1986). 
Sewage is the liquid waste of the community and consists 
primarily of used water with about 0 .1% of solids made up of 
organic and inorganic matter. The water content is high being 
99.9%. The organic matter in sewage consists of nitrogenous 
matter, carbohydrates, fats, oils and soaps (Aziz and Inam, 1995; 
Shalaby et al., 1996). 
It was reported that "right way to dispose of town sewage is 
to apply it continuously to land" and it is only by such application 
that the pollution of rivers can be avoided. 
Sewage irrigation is the most important among the methods 
for utilization of sewage water utilization. It also has the 
additional potential of replenishing ground water. The 
development of simple low cost process coupled with the reuse of 
effluents in agriculture offer the most suitable solution. Such 
solutions while solving the problem of water pollution 
simultaneously conserve the water resources and fertilising 
component of sewage and many industrial waste water (Borin el 
al., 1997). 
In India sewage irrigation has been the predominant mode of 
disposal of sewage ever since sewerage system was introduced and 
large number of sewage farms were disposing off sewage 
satisfactorily (Dugan and Lau, 1981; Vazquez et al., 1996). 
It is apprehended by some workers that sewage contains 
excessive amount of fertilizing ingredients especially nitrogen and 
thus irrigation with the sewage would result in leafy or vegetative 
growth devoid of much food value (Palazzo ei al., 1979; 
Cordonnier ei al., 1983; Papadopoulos ei al., 1988, Marecos-de-
Monte ei al., 1989). It is estimated that treated sewage waste water 
may contain 10 to 40 mg of nitrogen and from a few to 30 mg of 
phosphorus per litre (Asano ei al., 1985). These together with 
potash and large quantities of organic matter make sewage an ideal 
or complete manure (Veer, 1985; Vimal and Talashikar, 1985). 
Manure high in nitrogen content are specially helpful to 
crops such as grasses, leafy vegetable in which mainly vegetative 
growth takes place. It has been observed that besides beneficial 
effect on plants, sewage water also have some harmful effect on 
plant health. Therefore, it was felt necessary to asses the waste 
water quality, plant species requirements and soil properties 
before the appreciation of waste water (Yoshida and Inam, 1994) 
be made. 
'^Although waste water enhanced the growth and yield of 
crops, it may also have harmful effect due to the presence and 
accumulation of heavy metals and particulates (Maync el al., 
1983). Plants develop certain strategies to reduce the adverse 
effect of ingredients present in waste water. Normally the damage 
caused in the plants by pollutants are mainly through production 
of active oxygen species produced under unfavourable conditions 
of plant growth. These active oxygen species includes free 
radicals, hydroxyl ions and active oxygen (Elstner, 1987; 
Mehlhorh el al., 1987, 1990). Plants in response to active oxygen 
species synthesise higher degree of defence system which are 
antioxidants, enzymatic or non-enzymatic. These antioxidants 
quench the active oxygen species and release the plants from 
stress. 
Reports show that vegetative crops have antioxidant activity, 
which differs in crop species. For example, garlic has been shown 
to have strongest antioxidant activity while carrot and parsley 
have weak antioxidant activity (Gazzani, 1994). Antioxidant 
activity for garlic and spinach has been reported to 19.4 and 12.6 
respectively (Cao et al., 1996). It has been found that vitamin C 
accounts for 65-100% of the antioxidant potential derived from 
citrus fruit but less than 5% from apple and pine apple juice. 
Phenols also appear to be a major antioxidant (Gardner et a/., 
2000). 
Among vegetable crops cabbage {Brassica oleracea L.) is 
most important member of genus Brassica. It is one of the 
important vegetable crops. It has been known from earlier 
antiquity and was probably in general use in 2000 to 2500 B.C. It 
was introduced in the European gardens in ninth century and in the 
United States in the early days of colonization. 
It belongs to the cruciferae or mustard family and is known 
by the technical name Brassica oleracea var. Captiata Linn. 
It thrives best in temperate climates. In India it is cultivated 
on the hills. In the plains, the sowing season is July-Nov. The 
crop is harvested in 90-120 days when the heads attain their full 
size and are hard. 
The crop requires frequent irrigation and heavy manuring. It 
is an important vegetable and is used in curries, pickles etc. It is 
also used for feeding stock and chicken. Cabbage contains 
moisture 90.2, protein 1.8, fat 0.1, fibre 1.0, carbohydrate 6.3, 
mineral matter 0.6, calcium 0.03, phosphorus 0.05%, iron 0.8 mg, 
vitamin A-2,000 lU, voitamin Bi 50 lU, vitamin C 124 mg/lOOg. 
The objective of the reported research was to evaluate the 
usability of waste water of Aligarh municipal on physiological 
responses of cabbage. Also to determine the antioxidants response 
to waste water application. The waste water is primary source of 
irrigation for cultivating vegetable crops. Although yields of crops 
appear to increase but the physiological basis of response of crops 
to waste water application is not known. 
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Chapter-2 REVIEW OF LITERATURE 
The use of sewage waste water for crop irrigation has gained 
importance through out the world for the last hundred years or 
even more in some countries. In India sewage farming was 
established as far back as in 1895. The realization of the 
importance of sewage farming came with the declining water 
resources, costly treatment of waste water and its disposal 
problem. Therefore, sewage farming became an important 
development in the water resource management. Sewage waste 
water used as irrigant provides material of nutrient value, 
especially nitrogen and phosphorus forms the main input. The 
perusal of the study shows that the irrigation of crop lands has 
been the predominant mode of sewage disposal all over the globe 
(Day et al., 1975; Overman and Evans, 1978; Sopper, 1978; Maync 
et al., 1981; Valencia, 1984; Papadopoulas el al., 1988; 
Parmeshwaran, 1991; Iqbal, 1994; Paliwal et al., 1998). To 
evaluate the fertilizing value of sewage waste water, efforts were 
made to cover up the studies conducted in this direction. To get a 
better understanding and depth in the subject, the utility of waste 
water in farming was studied on different aspects of plant growth 
and development separately. 
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2.1 Waste water and growth and yield 
Day et al. (1975) irrigated wheat {Triticum aestivum) plants 
with well water and recommended amount of NPK combination 
and waste water with the equal amount of commercial fertilizer 
found in waste water. It was reported that average number of heads 
per unit area and grain yield were higher in wheat plots grown 
with well water and NPK. However, grain collected from waste 
water contained more total protein than grain produced with well 
water plus NPK. 
Ploemio (1976) observed the effect of by product of 
municipal wastes on the pedological and plant nutrition properties 
in bean (Phaseolus vulgaris) and tomato {Lycopersiciim 
esculentum). In their experiment they used two waste material 
derived from biologically treated sewage sludge and other waste 
material derived from water purification plant in which anion 
exchange resins were high in PO4 and NO3. It was found that the 
wastes improved structure and water holding capacity of soil also 
increased the growth of the plants. 
Day and Tucker (1977) reported that application of 
municipal waste water to sorghum (Hordeum vulgare) enhanced 
the length of the leaves and yield over plant that received well 
water plus recommended amount of NPK. The plants grown with 
municipal waste water produced more grain than the plants grown 
with simulated waste water, although both contained similar 
amounts of total protein. They concluded that treated municipal 
waste water may be an effective source of irrigation water and 
plant nutrients. 
Overman and Evans (1978) studied the growth and yield 
characteristics of sorghum (Hordeum vulgare) grown with 
municipal waste water irrigation. They reported that the results 
with waste water irrigation were close to those obtained from the 
fertility experiment at the same level of applied nitrogen 
indicating the suitability of waste water irrigation. 
Bole and Bell (1978) studied the effect of municipal sewage 
waste water on yield and chemical composition of forage crops. 
They reported that alfalfa grass, bone grass, altai wild rye and tall 
wheat grass when irrigated with waste water showed increase in 
yield comparable to addition of inorganic nitrogen fertilizer. They 
also concluded that waste water N and fertilizer N were equally 
effective in increasing forage production, while the P content of 
the forage remained unaffected by the treatment. Alfalfa proved to 
be most responsive forage crop for waste water irrigation. 
Reynolds el al. (1978) worked on the effect of land 
application of secondary treated municipal waste water on 
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accumulation of heavy metals in alfalfa. The plant receiving water 
generally showed better growth than those irrigated with normal 
irrigation water. Plants grown with waste water accumulated high 
amount of Na and less amount of heavy metals like Cu, Fe and Zn. 
It was inferred that treated municipal waste water was of 
satisfactory quality for crop irrigation and significant 
accumulation of Cd, Cr, Cu, Ni, Pb and Zn could be attributed to 
waste water irrigation. 
Day et al. (1979) studied the effect of municipal waste water 
and pump water on commercial production of wheat (Triliciim 
aestivum). They observed that mixture of waste water and pump 
water produced taller plants. High number of ears per unit area, 
heavier seeds accompanied with higher grain and straws yield in 
waste water as compared to wheat grown under pump water 
irrigation were obtained. 
Kurhanski (1979) observed the effects of wastes of flux 
industry on agricultural production of various crops. It was found 
that largest biomass of the value above 300% was with perennial 
plants followed by root crops, vegetables (80%), legumes (70%) 
and fibre plants (60%)). The effectiveness of waste was least in 
cereals (25%) as compared with the non-irrigated ones. 
Sanai and Shayegan (1979) used secondary treated municipal 
waste water to irrigate maize {Zea mays), potato (Lycopersicuni 
tuberosum). Results showed no long term damage to the 
surrounding ecosystem and a definite advantage in increasing yield 
of maize was obtained. The fresh yields of maize grain and whole 
maize plants were 20.9% and 20.6% higher in waste water 
respectively compared with fresh water irrigation. 
Cordonnier and Johnston (1983) conducted a study on 
soybeans (Glycine max) using secondary treated municipal waste 
water and well water as irrigation source. It was reported that 
waste water yielded 354kg/ha more than the control and 205kg/ha 
more than the well water. The irrigated plants were taller and 
matured 5-6 days later than the non-irrigated plants. The two 
cultivars responded differently to waste water with cultivar Harcor 
exhibiting a positive response, while cultivar Nebooy responding 
negatively in terms of LAI, seed weight and content of N and P in 
the leaves. 
Maync el al. (1981) examined the effect of 0, 5, 10, 20 or 
40% treated sewage sludge on lettuce (MecJicago saliva) and found 
that N, P, K, nitrate and total reducing sugar decreased, however, 
an increase in Ca, Mg, Na, Cd, Ni, Cu, Zn and vitamin C contents 
were noted. The average fresh mass of lettuce was maximum in 
untreated soil as compared to the treated sewage sludge. This was 
explained as due to the effect of heavy metals. 
Schalschca et al. (1982) studied the nitrogen balance of 
vegetable crops (spinach, beet, lettuce and celery) irrigated with 
untreated effluent. They found that about 780kg/ha nitrogen was 
added each year to vegetables through irrigant. It was further 
found that out of the nitrogen added, 161-287kg was removed by 
the crop at harvest and remainder was leached to 1-15 meter deep 
water table. 
Valencia (1984) observed the effect of different volume of 
liquid sludge on the growth and yield of pechay and found that 
application of 12,500 litre of liquid sludge per hectare was the 
best amount for increased leaves number, height and weight of 
plant i.e. overall growth and development of plant. 
Veer (1985) irrigated pea {Pisum sativum) with waste water 
and recorded more growth and yield as compared to the plant 
irrigated with normal water. The better growth in waste water was 
attributed to the presence of nutrients (N, P, K etc.) in the waste 
water. More heavy metal concentration in plants grown with waste 
water was observed as compared to underground parts. 
Giedon el al. (1986) reported that treated municipal waste 
water was mainly used for cultivation of summer crops such as 
cotton, corn and alfalfa. The strategy on conserving water in arid 
zone was to have supplementary irrigation of wheat to cover 
almost all evapo-transpiration losses and to increase wheat yield. 
Perez et al. (1986) conducted a study on the effect of waste 
water on seed germination and early plant growth of barley 
{Hurdeum viilgare) and tomato (Lycopersicum esculentum) crops. 
Three types of waste water namely, raw waste water, waste water 
with organic matter removed and de-ionized waste water of 
different concentrations were tested. Results indicated an 
inhibitory effects on seed germination and early plant growth by 
all treatments containing any kind of waste water. 
Oron and De-Malach (1987a) conducted experiments to 
examine the response of cotton (Gossypium hirsutnm) to treated 
domestic waste water applied through trickle irrigation. It was 
found that maximum yield resulted in twin row planting irrigated 
twice a week with a commercial amount of waste water. However, 
under conventional row and emitter spacing with 2 
irrigation/week, the yield was less. 
Veer and Lata (1987) reported that the use of municipal 
waste water for irrigation promoted growth and yield of wheat 
{TrUiciim aeslivum). The level of total nitrogen and phosphate 
were not significantly affected but nitrogen was less in grains of 
plants receiving polluted water. Similarly, the level of protein, 
nitrogen, soluble nitrogen, non-reducing sugar and reducing sugars 
were lower in grains of plants irrigated with waste water. 
Papadopoulos et al. (1988) carried out an experiment to 
evaluate the secondary treated waste water as a source of 
irrigation and nitrogen for sudax {Sorghum vulgare x Sorghum 
Sudanese). Secondary treated effluent was compared with fresh 
water, both was supplemented with 0, 30, 60 or 90mg N/litre. It 
was noted that yield increased maximally with both the waters at 
the supplementary N level of 30mg/l. Yield was significantly 
higher with the application of treated effluent irrespective of 
nitrogen doses. 
•^'Shagufta el al. (1988) irrigated carrot, cauliflower, 
coriander, spinach, turnip and radish with raw sewage waste water 
and sewage waste water diluted with equal amounts of ground 
water. They observed that the growth was best in vegetables 
treated with raw sewage waste water. However, the dry weight was 
higher in vegetables irrigated with ground water. They also 
reported that the taste of vegetables irrigated with the raw sewage 
waste water was bitter and unacceptable. The accumulation of 
metals in the vegetable occurred in the order : Na > K > Fe > Cu > 
Cr > Pb > Ni and was greater in vegetables irrigated with raw 
sewage waste water. 
Marecos-do-Monte et al. (1989) investigated the effect of 
treated municipal waste water on sorghum, maize and sunflower. 
Control plants were irrigated with potable water and given 
commercial fertilizers. The identical crop yields in both the water 
led to the conclusion that the nitrogen content of waste water 
replaced the nitrogen from commercial sources. The use of waste 
water, thus led to saving of commercial fertilizer to considerable 
amount. Moreover, no significant changes in crop composition 
occurred. 
Neilson el al. (1989) carried out an extensive studies on 
different vegetables which were grown with trickle irrigation 
using either well water or secondary effluent discharged as 
municipal sewage waste water. It was noted that yields with waste 
water irrigation were greater than or similar to those obtained with 
well water. Waste water irrigation decreased Zn, increased P and 
gave variable result for other nutrients in plant tissues. They 
indicated that the use of trickle irrigation with waste water had no 
major limitation for yields of vegetables crops. It was concluded 
that waste water could supplement plant nutrition specially 
phosphorus. 
Srivastava and Singh (1990) grew okra {Ahelinoschus 
esculenlus) on sewage irrigated soil. Yield was found increased 
with the increase of sewage concentration in soil as were also 
heavy metal contents. Heavy metal contents were more in fruits 
than roots and particularly Cd accumulation was more in roots. 
Dry matter yield of plants was also found positively correlated 
with sewage concentration. 
Schiavi el al. (1990) observed the effect of waste water from 
power plant on the earliness of maturity and yield of asparagus 
grown under plastic tunnels and in open field condition. The 
earliness was obtained and induced 20 days earlier. The total spur 
yield of treated plot was significantly higher under tunnel and 
similar results were reported in open field condition. This 
difference was attributed to a higher number rather than to higher 
size of spurs. 
Pratibha (1991) recorded the growth of coriander and 
fenugreek irrigated with sewage waste water. Increase in growth 
and yield of both the crops were reported when irrigated with 
sewage waste water as compared to tap water irrigation. 
Al-Jaloud el al. (1993) studied the effect of sewage waste 
water on maize {Zea mays) and sorghum {Hordeum viilgare) and 
soil properties. Mean biomass ranged from 159 to 210g/pot for 
maize and from 165 to 212g/pot for sorghum in waste water. The 
crop showed significant increase with increase in water salinity. 
This was presumably due to the nutrients present in the waste 
water, especially nitrogen. Plant yield decreased slightly at a 
water salinity level of 2330mg/l (TDS) indicating that high water 
salinity can neutralize the beneficial effect of nutrient in waste 
water. Overall soil salinity and sodicity have significantly greater 
effect on sorghum than maize. Their result showed that waste 
water can successfully be used to grow maize and sorghum as 
forage crops, provided 15-20% excess water is applied to meet 
leaching requirements to maintain soil salinity with acceptable 
limits for agricultural production. 
Nashikkar (1994) studied the effect of irrigation with 
domestic waste water with BOD levels ranging from 0 to 
lOOOmg/litre on cabbage, okra and cauliflower in pots and found 
that seed germination was retarted at high levels of BOD while 
seed growth was enhanced by waste water with medium to high 
level BOD. 
Iqbal el al. (1994) studied the effect of municipal waste 
water on the growth of leafy vegetables. He grew two vegetable 
crops coriander and spinach on land with municipal waste water 
and sewage sludge. 
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(1) A medium of 1:2 fine sand and cattle manure and 
irrigated with sewage water. 
(2) A medium of 1:2 fine sand and raw sludge. Tap water was 
used for irrigation. 
(3) A medium of 1:2 fine sand and raw sludge using sewage 
water. 
(4) Control a medium of fine sand and irrigated with tap 
water. 
It was found that for both the crops fresh weight and dry 
weight were lowest for the first harvest in all treatments. For 
coriander, dry weight was lowest in treatment (3) and highest in 
(1) while for spinach treatment (1) resulted in the greatest biomass 
and control gave the lowest. 
--' Szewazuk and Sugier (1996) conducted a pot trial where 
fodder cabbage was irrigated with pure water or treated with 
municipal sewage waste water to provide a soil moisture contents 
of 40, 60 or 80%. It was reported that stem, leaf and root 
weight/plant were greater with sewage waste water than pure water 
especially at 60-80% soil moisture. Sewage waste water reduced 
the N and P contents of stem and leaves, K contents of root and Ca 
content of stems and roots. Dry weight and uptake of N, P, K, Mg 
21 
and Ca per plant were highest with sewage waste water 
application, particularly at 60% soil moisture capacity. 
Maisapa et al. (1997) studied the effect of waste water use in 
horticultural crops growing in soil and soil less media. An 
experiment was conducted in which treated waste water was 
compared with standard nutrient solution in perlite and a 1:1 
mixture of perlite and zeolite and soil using gerbera and tomato as 
test species. He observed that for gerbera crop treated waste water 
decreased the total number of marketable flower by 2 1 % as 
compared with nutrient solution and yield decreased by 44%). For 
tomato the total number and weight of marketable tomato fruits 
decreased by 10 and 14% respectively with waste water. 
Borin et al. (1997) used waste water for irrigation of some 
vegetables in Mediterranean environment. He used different ratios 
of water, urban waste water and saline ground water to obtain the 
level of (ECW-0.3, 3, 6, 9, 12 and 15ds/m) for irrigation of four 
crops tomato, watermelon, eggplant and pepper. He observed the 
eggplant, pepper and watermelon showed high growth rate with 
saline waste water and tomato showed a good tolerance to salinity 
during germination and early vegetative growth was depressed at 
EC (1.3-3.0ds/m). 
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Paliwal et al. (1998) studied the effect of different 
concentrations (0, 25, 50 and 100%) of sewage waste water on 
growth performance, biomass and nutrient accumulation of 
Hardwichia binata. Maximum growth was observed at 50% 
concentration of sewage waste water. Biomass and leaf area of the 
H. binata seedlings showed an increase over the control when 
treated with 50% waste water concentration. However, 
photosynthetic pigment and total soluble protein decreased with an 
increase in concentration. It was noted that accumulation of N and 
P was at the higher concentration in sewage waste water in 
different parts of the seedling and that in the order of root > stem 
> leaves. The accumulation of heavy metals was in the order of 
Mn > Zn > Pb > Cu. It was also that sewage waste water at 75 and 
100%o concentration retarded the growth of seedlings and only the 
50% concentration was suitable for growth. 
Shahalam et al. (1998) investigated the feasibility of treated 
waste water from a university campus as an irrigation water for the 
growth of crops viz., lucerne, radish and tomato. Each crop was 
also given two subsequent i.e. fertilizer and without fertilizer. The 
result revealed that yields obtained from waste water and without 
fertilizer were compatible with those of the fresh water with 
fertilizer. 
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Parmeshwaran (1999) irrigated artichoke {Helianthiis 
taheraxim L.), a rarely introduced crop with urban waste water 
under temperate climate conditions. He advocated that artichoke 
could be grown successfully in cooler climate condition. It was 
noted that biomass yield was equal or higher than those obtained 
from elsewhere under more favourable conditions. Thus it was 
proposed that sustainable profits can be obtained in waste water 
management by growing crops like artichoke. 
2.2 Waste water and physiological propert ies 
Chakrabarti and Chakrabarti (1987) applied sewage waste 
water and sludge on potato crop which increased its yield and 
acted as non-accumulator of Cr. A high activity of aspartate amino 
transferase, alanine amino transferase and catalase in leaf and of 
proteins and peroxidase in stem and root respectively. They 
reported that enzyme varied in stem, root and leaf of potato with 
different treatments. 
Another study was conducted by them in 1988. On irrigation 
with raw and differentially diluted sewage waste water on wheat, 
an increase in the concentration of Cu, Zn, Cr and Mn with a 
concomitant decrease in the activities of aspartate, amino 
transferase, alamine amino transferase and peroxidase were noted. 
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Finally it was reported that grain yields were reduced due to 
decreased activity of enzymes. 
Muthuchelian et al. (1988) studied the influence of sewage 
waste water and surface sewage soil on photosynthesis, nitrate 
reductase activity and biomass acciumulation of green gram 
(Phaseolus mungo). Sewage soil promoted chlorophyll synthesis 
while net photosynthesis and total soluble protein were unaltered. 
Nitrate reductase activity as well as biomass accumulation were 
decreased. They also reported that sewage waste water adversely 
affected chlorophyll synthesis, net photosynthesis, NR activity, 
total soluble protein, seedling growth and biomass production. 
Gao et al. (1997) studied the effect of waste water on 
ecologyphysiological and cyto-toxicology of vegetables. They 
found that chlorophyll contents of vegetables and relative 
electrical conductivity of leaves were 83.5 and 16% for waste 
water and fresh water respectively. N-NO3 content ionized by 10% 
abnormal mitosis was 11.3 in waste water irrigated crops, while in 
fresh water irrigated crops no abnormal mitosis was observed. 
2.3 Waste water and antioxidants 
The antioxidant system is vital for the survival of plants 
under normal environmental conditions. Its capacity can be 
increased in situations which increase the oxidative load. The 
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exposure of leaves to conditions which limits carbon dioxide 
fixation or impose an excess of excitation energy, such as low 
temperature and drought, are particularly important, but UV-B and 
pollutants may be increasingly important. Good progress is being 
made with investigating the components of the antioxidant system 
and the construction of transgenic plants is beginning to contribute 
to a deeper understanding of its role. A number of areas require 
further investigation. The pathway and regulation of ascorbate 
sysnthesis must be established since it has a central role as a 
chloroplast antioxidant and also has functions in other aspects of 
cell physiology. The signals which trigger increased expression of 
antioxidant genes need to be understood. Finally, although it is 
clear that increased expression of SOD can increase resistance to 
oxidative attack in the laboratory, it is worth considering the 
extent to which crops might be exposed to such conditions in the 
field and to what extent the antioxidant system is already 
optimized to deal with such situations. Perhaps, with pressure 
from pollutants and UV-B radiation, enhancement of antioxidant 
systems will have a beneficial effect on yield. 
Prestaino et al. (1993) studied the isoenzymes of peroxidase 
in kiwifruits, potato, carrot roots, cauliflower heads, tomato fruits, 
green bean pods and horseradish and were composed with one 
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another using SDE-PAGE. Cauliflower had one isoenzymes 
(70Kda) kiwifruits had 2 isoenzyme (43, 45Kda) and other crops 
had a range of isoenzymes (36-120Kda). Only one peroxidase was 
present in green tomato, but more isoenzymes appeared as ripening 
progressed. Ascorbic acid inhibited peroxide activity in extracts 
and this activity did not depend on the number of isoenzymes 
present. 
Gazzani (1994) studied the antioxidant and prooxidant 
activity of some vegetables at different range of temperature in the 
form of Activity Index (AI). It was found that at 25°C when carrot, 
celery and parsely added to untreated oil showed no activity 
during 30 minutes after addition. Onion at all concentrations 
showed weak prooxidant activity (AI 0.87) while the prooxidant 
activity of garlic depend on the concentration (AI 0.97 at 0.5 and 
2.5% and 0.8 at 5%). They also observed the effect of 1% 
vegetables tissues on peroxidative processes in oil treated for 3 
hours at 120-140°C. Garlic showed the strongest antioxidants. 
While celery and onion had no detectable effect. Only garlic 
showed antioxidant activity at 140°C after 15 minutes (AI 1.66) 
which decreased during heating. Other vegetables showed 
prooxidant activity which increased with the duration of heating. 
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Cao et al. (1996) reported the antioxidant activity of 22 
common vegetables, 1 green tea and 1 black tea based on the fresh 
weight of the vegetable. Garlic had the highest antioxidant activity 
(19.4) against peroxyl radicals followed by Kale (17.7), spinach 
(12.6), onion, corn, eggplant (9.8-3.9), cauliflower, potato, sweet 
potato, cabbage, carrot (3.8-0.5) (|j, mol of tralox equ/g). Kale had 
the highest antioxidant activity against hydroxyl radicals followed 
by other vegetables. The green and black teas had much higher 
antioxidant activities against peroxyl radicals than all these 
vegetables. Tea also showed prooxidant activity in the presence of 
Cu^^ which was not found with any of the vegetable studied. 
Vinson et al. (1998) measured phenols in 23 vegetables. Its 
antioxidant quality was assayed by the inhibition of LDL oxidation 
mediated by cupric ions. Vegetables had antioxidant qualities 
comparable to that of pure flavonols and were superior to vitamin 
antioxidants. The phenol antioxidant index measuring both 
quantity and quality of antioxidara present. It was reported that 
vegetable extracts were enriched with phenol antioxidants and 
showed decreased oxidizability. 
Gardiner et al. (2000) studied the relative contribution of 
vitamin C, carotenoid and phenols to the antioxidant potential of 
fruit juices. It was analysed that vitamin C account for 65-100% 
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fruit but less than 5% of apple and pineapple juice. The 
contamination of carotenoid was negligible. 
Gazzani et al. (2000) analysed the water soluble antioxidant 
product of Clchorium intgibus. Antioxidant properties were 
evaluated in vitro as antioxidant activities and ex-vivo as 
protective activity. All the vegetable juices showed high but very 
variance antioxidant activity (> 83%) and protective activity (> 
64%). It was shown that vegetable contain both antioxidant as well 
as prooxidant properties. 
2.4 Waste water and nutrients 
Overman and Ku (1976) reported that both rye (Secale 
cerale) and rye grass (Lolium perenne L.) reported well to 
irrigation with secondary municipal waste water and found 70% 
recovery efficiency for nitrogen. While split application of 
nitrogen increased the yield over single application. Similarly, dry 
matter and nutrient uptake generally increased with the application 
rate. 
Sopper (1978) carried out extensive experiments in which 
chlorinated secondary treated sewage waste water was spray 
irrigated on wheat, oat, corn, alfalfa, red canary grass and forest 
land for 15 years. It was reported that at higher rates of irrigation 
NO3-N concentration significantly increased crop cycle. The 
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uptake was 38-50% of the P and 50-150% of N with waste water 
irrigation. 
Overman (1979) also noted increase in yield and uptake of 
source essential nutrients like N, P, K, Ca, Mg, Fe and Zn with 
increased irrigation rate. In addition content of dry matter was 
also increased with irrigation rate. 
Palazzo et al. (1979) worked with the land application of 
sewage waste water and its effect on soil and plant potassium 
content. They noted that the waste water contained more than 
twice as much N as K. In their fifth year trial, K fertilization 
increased total plant yields and the concentration of this element 
in plant and soil. They suggested that total application of K (waste 
water and fertilizer) should be adjusted to 90% of the amount of 
nitrogen expected to be removed by the forage crop. 
Quin (1979) compared the nutrient removal by harvested 
ryegrass, canary grass and white clover in plots treated with 
sewage effluent. It was reported that harvested plots of seed 
canary grass produced similar dry matter yield and removed 
similar quantities of nutrients as plots of rye grass and white 
clover. 
Quin and Forsythe (1979) studied the surface irrigation of 
pasture with treated sewage waste water and found drainage losses 
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of nitrate and other nutrients. Annual losses of N in drainage were 
180kg/ha. 
Barbarich et al. (1982) applied waste water to a mountain 
meadow at the rate of 7.5cm/week by sprinkler irrigation. They 
noted a significant increase in plant yield, protein production and 
Na and P uptake. Similar an increase in CT and Na^ in soil 
solution was recorded besides a significant increase in orth-P and 
exchangeable Na* and K . 
Bielorai el al. (1984) conducted drip irrigation studies on the 
performance of cotton (Gossypuim hirsutum) grown with two 
irrigation water viz., municipal waste water and fresh water. The 
nitrogen concentration in the waste water was about 50mg/l during 
the 3 year of experimentation. They reported that cotton plants 
irrigated with waste water were taller with more vegetative growth 
as compared to ground water. 
/ , .Kord (1987) irrigated linseed (Linum usitassimum) with 
sewage waste water once per week and noted significant increase 
in P, K, Ca and Mg in plants. On the other hand when the crop was 
irrigated twice per week, the level of these nutrients in the plant 
was low which might be due to the enhanced plant growth. 
Gouin (1993) advocated that the compost made from sewage 
sludge and woodchips or raw dust could be used to grow a wide 
variety of horticultural crops in field and container culture. They 
found that a mixture of equal parts of peat, perlite and sewage 
sludge compost provided adequate N, P, K for upto 4, 5 and 8 
weeks respectively and all essential trace elements for bedding 
plants and vegetable transplants. It eliminated the need for 
additional fertilizer in the first year and continues to release 
nutrient for several years. 
Misra et al. (1994) conducted an experiment to show the 
effect of sewage sludge (0, 15, 20 or 25t/ha) and Mussoorie rock 
phosphate (MRP) (0, 125, 150 or 175kg P 205/ha) on growth and 
yield of spinach, fenugreek and lettuce. They found the content of 
Zn increased at increasing rate of sewage sludge. While in 
combined sewage sludge + MRP treatment the concentration of 
Cd, Cr and Pb decreased with increasing rate of MRP. 
Niclson (1994) investigated some environmental aspects of 
using sewage waste water and sludge for forest plantations. It was 
reported that poplar and willow utilized more efficiently the 
mineralized nutrients from waste water, presumably due to their 
longer growing seasons and deeper long lasting rooting systems as 
compared to annual crops. It was also reported that willow was 
more tolerant to high concentration of Zn and Cd in the soil. 
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Vazquez et al. (1996) used the treated waste water to irrigate 
the field growing maize {Zea mays). The waste water was high in 
N and P and was applied by drip irrigation. For most of the growth 
season, plant nitrogen demand ensured a low soil nitrogen 
concentration but towards the end of the plant growth. The 
continuous nitrogen supplied through the waste water exceeded 
crop requirement with a result that nitrate accumulated in the soil. 
Slight accumulation of P was recorded in the soil. The fertilizer 
value of the treated waste water was demonstrated by increased 
yield at physiological maturity and the N yield was well within the 
range of exceeded values for this crop. Finally they advocated the 
advantage of waste water reuse vis-a-vis the importance of 
appropriate management practices. 
Nair and Hippalgaonkar (1996) studied the effect of sewage 
waste water used for irrigation on the nitrate and oxalate content 
of spinach, amaranth and radish foliage. The results revealed that 
under the sewage waste water irrigation on an average the NO3-N 
content was in the range of 230 mg to 320mg/100g (dry weight) 
and the oxalates were between 190mg to 3.0g/100g (dry weight) 
which were higher than the permissible limits. 
Shalaby et al. (1996) conducted an experiment to study 
different types of waste water and their effect on the mineral 
composition of some medicinal plants viz., aniso, caraway, 
coriander, spearmint, sweet basil. They used 3 dilutions of waste 
water (1:1, 1:3 and 1:6) with tap water as control. The results 
showed that the application of sewage waste water and fertilizer 
waste water at diluted treatment increased the N and P 
concentrations of the plant, whereas oil and soap waste water 
decreased their content. The higher P content of the fertilizer 
waste enhanced P content in different plants. It was noted that the 
lower dilutuion of the fertilizer waste decreased K, Mg and N 
content of the plants. The content of trace element viz., Fe, Mn, 
Zn, Cu, Pb and Co, Ni and Cd increased accordingly to either the 
source or concentration of the applied wastes. 
'^Eibeva (1998) conducted an experiment for comparative 
analyses of uptake rates of chemical elements by three different 
vegetables namely cabbage, lettuce and potato with the use of 
sludge. They analysed plants for N, P, K, Zn, Cu, Pb, Mn and Cd. 
It was observed that lettuce showed higher concentration of N and 
K as well Zn and Mn unlike minimum uptake for Pb and Cd. 
4v4ichaloj and Nurzynrki (1999) studied the effect of 
irrigation with sewage waste water on the contents of total and 
mineral nitrogen in rape and hemp. It was observed that the 
content of mineral nitrogen was higher at the time of intensive 
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plant growth than at harvest. However, in the soil the content of 
total nitrogen increased with the quality of sewage waste water 
used for irrigation while the content of mineral nitrogen remained 
unchanged. 
2.5 Waste water and heavy metals 
Chumbley et al. (1982) conducted survey of eleven vegetable 
crops grown on land with a history of sewage sludge application. 
The soil with pH (5-8.1), organic matter (0.9-9.1%), Pb content 
(7-496mg/kg) and Cd content (0. l-26.2mg/kg) characteristics 
supported plant growth. In edible part of vegetables the 
concentration of Cd generally increased with increasing soil Cd 
concentration, while Pb level in plant was not affected by the 
concentration of lead in the soil. 
Chang et al. (1982) determined the effect of repeated sludge 
application on the accumulation of Cd and Zn on radish and 
tomato. They found that in case of radish, the leaf Cd and Zn 
concentration increased with the amount of applied sludge. In 
tomato elevated Cd and Zn levels were observed following initial 
sludge application. There was no indication that in the elevated 
plant tissue Cd and Zn content caused by the sludge application 
would be reduced to the back ground level after the termination of 
sludge disposal. 
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Webber et al. (1983) found the Cd loading to soil varied 
with sludge type and application rate but did not exceed 7.4kg/ha. 
It was concluded that Cd concentration in the Swiss chard was 
high as compared to wheat and soybean. This concentration mainly 
depended on soil pH. At pH 5.6, Cd concentration was 1.42mug/g 
for NPK fertilizer 1.2mug/g for sludge treatment, because NPK 
reduced the soil pH. Evidence was presented that 5kg Cd/ha be 
considered for international acceptance as the maximum 
permissible sludge loading to soil. 
Kansal and Singh (1983) reported that plants viz., 
cauliflov/er, spinach, berseem, maize collected from waste water 
irrigated soils had higher concentration of Fe, Mn, Zn, Cu, Pb and 
Cd than those from tubewell irrigated soils. The maximum 
concentration was found in spinach leaves followed by berseem, 
cauliflower and maize leaves while the cauliflower leaves had the 
lowest concentration. It was also noted that concentration of Fe 
and Cu was high enough to affect crop growth. Contents of Zn and 
Cd in these plants were approaching the impermissible limits. 
Truby and Raba (1990) reported uptake of Zn, Cd and Pb by 
leafy vegetables (spinach, lettuce, fodder beets, cabbage), root 
vegetables (carrot, radish, potato, onion), strawberries, cucumber 
and tomatos when irrigated with sewage waste water. They found 
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low level of heavy metals in the fruit vegetables and strawberries. 
However, lettuces, fodder beets, spinach, celery and carrots grown 
in a neighbouring uncontaminated field also had high Cd contents. 
It was concluded that the uptake of heavy metals by vegetables 
could not be predicted by measuring the contents of heavy metals 
in the soil alone. 
Fevraieva et al. (1991) studied transfer of natural 
radionuclides from irrigation water into agricultural plants. They 
experimented with spring wheat, beetroots and Medicago saliva 
which were given no irrigation. Flooding irrigation with clear 
water or water containing radionuclides (232 Th, 226 Ra, 210 Pb 
and 210 Po) and three sprinkler irrigation. With contaminated 
water, they found that transfer coefficient (radionuclides 
concentration in plant dry matter concentration in irrigation water) 
were of the order 10-6-10-2 and were lowest with flooding 
irrigation and highest with sprinkle irrigation. Medicago saliva 
had the great tendency to accumulate radionuclides. While wheat 
grain and beetroot had lower transfer coefficient than straw and 
tops respectively. 
Arora and Chibba (1992) collected samples of soils and 
leaves of wheat as well as rice from farmer's fields along with a 
spring nullah in which sewage water was poured. The 
concentration of Cu and Fe in wheat leaves was found to be higher 
while that of Mn and S was less but rice leaves had higher 
concentration of Zn, Cu, Fe as well as Mn. They concluded that 
the nutrient status of the soil as well as plant growth along the 
drain was influenced significantly although the crops were not 
irrigated directly. 
Al-Nakshabandi et al. (1997) used treated waste water for 
egg plant irrigation through a trickle system. Their results showed 
that the waste water had a low heavy metal content. The waste 
water also showed high amount of chlorophyll a. Results of soil 
analysis after harvest showed a slight increase in heavy metal 
concentration in egg plant tissue under treated waste water 
irrigation and was well within the normal range in agricultural 
crops. It was reported that egg plant yield under waste water 
irrigation was twice the average egg plant produced under fresh 
water irrigation using conventional fertilizer application. 
Mudryi (1997) advocated that sewage irrigation of farm 
lands could affect the translocation of heavy metals from soil to 
plants. The metal mobility was likely to be due to increased 
content of toxic substances and surfactants in the sewage waste 
water. Thus they necessitated the need to modify an approach to 
growing cereals in the farming lands irrigated with sewage by 
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reducing the unfavourable effects on the environment and public 
health. 
Mc-Bride et al. (1997) used field site that had received a 
single heavy application of sewage sludge was re-investigated for 
15 years to measure the degree to which toxic heavy metal as 
nutrient elements remained in the top soil. It was estimated that 
the most sludge applied contained Na, S, Ca and Sr and about 40% 
of the Zn and Cu and less than 30% of Cd and phosphorus was lost 
from the top soil. Half of other heavy metals such as Hg, Ag and 
Au were lost. ICP analysis showed present concentration of water 
soluble Cu, Zn and Ni in the sludge amended top soil were more 
than 10 times higher than in contaminated soil. They observed the 
elemental defects were co-related to the distribution co-efficient 
of the element. The Zn and Cd remained in the top soil (pH 6.5-7) 
after 15 years. 
The brief review shows the response of crops to effluent 
differs from region to region, crop to crop and the type of used 
effluent. The observation indicates that the crops responded 
positively response in terms of productivity and growth 
characteristics to effluent and in some cases inhibitory effects 
were also reported, particularly when the effluent was applied in 
more concentrated form. Whenever a plant is grown in conditions 
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Other than the normal, the signals the plant defense system gets 
activated to reduce the unfavourable conditions. In such protection 
mechanism antioxidants production in the plant is one of the 
aspect. The antioxidants produced may determine the tolerance 
level to the unfavourable conditions and thus may have influence 
on general plant growth and development. Therefore, it appeared 
that is a scope to work on the use of waste water application for 
growth of leafy vegetables and find relationship of growth and 
physiological responses to the antioxidants produced. In the 
following pages an experiment is reported to test the hypothesis 
that physiological responses and growth of cabbage {Brassica 
oleracea L.) are affected with waste water application and may 
have relationship with antioxidants. 
2.6 Waste water and water quality 
Borry el al. (1980) were of the opinion that biological, 
organic and inorganic composition of domestic waste water were 
generally suitable for irrigating horticultural plant, providing them 
with some nutrients. 
Dugan and Lau (1981) suggested that the most feasible 
supplemental water source appeared to be treated municipal 
sewage waste water. It was easily available, had satisfactory 
fertilizer value and could be successfully used for irrigation. It 
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was reported that (a) secondary sewage waste water did not have 
harmful effect on plants as well as on public health (b) it could 
serve as a fertilizer source (c) the quality of the leachate below the 
root zone was similar to that observed under conventional 
agricultural practices (d) in terms of sugar yield and ground water 
protection irrigation water consisting of sewage waste water upto 
at 25% could be continuously applied to sugarcane. 
Bone el al. (1984) reported that large quantities of available 
sewage waste water contain the required nutrients for plant 
growth. They suggested a novel system of commercially used 
nutrient film technique for green house crop in which a synthetic 
nutrient solution provides all the plant requirements in complete 
absence of soil. It was also reported that unlike conventional 
irrigation only a small amount of water was lost by transpiration 
and evaporation. 
Vimal and Talashikar (1985) advocated the recycling of 
sewage waste in agriculture as a rich source of plant nutrients. The 
concentration of nutrients viz., N, P, K, Ca, Mg and Na increased 
linearly with the increased application rate of liquid sewage and 
sludge i.e. 40, 80, 120, 160 t/ha. 
Baddesha et al. (1986) investigated the irrigation and 
nutrient potential of raw sewage waste water. They found that five 
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irrigations of 7.5cm/ha would provide about 181kg N, 28kg P and 
270kg K per hectare. They recommended that about 162-173 
million litre of untreated sewage waste water may be utilized 
directly without any pre-treatment for irrigating 3,345ha of 
vegetable crops or 5,017ha of fodder crops or 4,457ha of cereal 
crops instead of allowing these waters to cause pollution in rivers 
and on land. 
TNashikkar (1994) studied the effect of irrigation with 
domestic waste water with varying BOD levels ranging from 0 to 
lOOOmg/litre on vegetable crops. He irrigated cabbage, okra and 
cauliflower in pots and reported retarded seed germination. 
However, seedling growth was enhanced by waste water with 
medium to high BOD levels. 
Sbeih et al. (1994) investigated the use of waste water for 
irrigation and advocated that sewage waste water irrigation spread 
disease. They proposed treatment of waste water before its 
application and considered the economic benefits of using sewage 
water for agriculture. 
^KTAT. and Inam (1995) studied waste water quality for the 
purpose of irrigation and its impact on soil and plants. The pH of 
sewage waste water was neutral but the electrical conductivity 
(EC), total dissolved salts and cations were very high compared to 
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the specified standards. It was also noted that soil irrigated with 
sewage showed no significant changes in pH, EC, organic cation 
and some cations. On the other hand, the soil as well as the crop 
showed the accumulation of heavy metals in general and lead, 
chromium and nickle in particular. Leaves of all crops 
accumulated more heavy metals and inorganic chemical 
constituents as compared to the others. 
Ghafoor et al. (1996) assessed the quality of drain sewage 
waste water with respect to EC, SAR, ESC macro and 
micronutrient and its impact on soil and plants. All the 
contributing effluents were reported unfit for irrigation. The waste 
water irrigated field growing cauliflower and Chinese squash 
contained higher amounts of Na, Ca, Mg, CI, SO4, Fe, Mn, Cu, Zn 
and total soluble salts as compared to canal irrigated field of the 
same locality. It was reported that concentration of N, P, K, Ca, 
Mg and CI in leaves and fruits of both the vegetables were almost 
within the safe limits, with leaves showing higher amount as 
compared to other parts including fruits. It was also reported that 
field receiving sewage waste water for 8-10 years were still not 
salinized/sodicated. 
Westcat (1997) discussed quality control of waste water for 
irrigation of crops by the WHO guideline. It was found that the 
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level of water contamination in many countries already seriously 
exceeded than the limits set in guidelines. Achieving the 
prescribed standard for vegetable production would be a major 
accomplishment towards improving health conditions in the 
countries. 
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Chapter-3 MATERIAL AND METHODS 
An experiment was conducted to study the suitability of use 
of waste water and its impact on physiological characteristics of 
cabbage {Brassica oleracea L.). Details of the experiment are 
described below. 
3.1 Experimental system 
Earthen pots of equal size (25cm height and 25cm diameter) 
were cleaned and filled with soil and organic manure in 3:1 ratio. 
These were divided in 2 sets, one set of pots were fed with sewage 
water and another with ground water. The sewage water was 
collected from a municipal waste water drain running along the 
Mathura road, Aligarh. The source of ground water was normal tap 
water. Thus, there was two treatments replicated thrice. 
Plants of cabbage were raised from seeds sown by hand on 
6 '^' Nov, 2000. Irrigation when required was done with sewage 
water in one set of pots and with ground water in another set. Pots 
were kept in the net house of the Department of Botany, Aligarh 
Muslim University, Aligarh under natural photoperiod conditions 
(temperature 20-24°C). 
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3.2 Observations recorded 
For studying impact of sewage water on growth, 
development and yield and subsequent changes in antioxidants in 
the plants, sampling were done at the different stages during the 
entire life cycle of the crop. 
Plant was uprooted at 50, 80 and 100 days after sowing and 
following parameters were recorded. 
3.2.1 Morphological traits 
(1) Leaf number per plant 
(2) Leaf area per plant 
(3) Fresh weight per plant 
(4) Dry weight per plant 
(5) Leaf dry weight per plant 
3.2.2 Photosynthetic traits 
(1) Chlorophyll a, b and total chlorophyll 
(2) Carotenoids 
(3) Net photosynthesis rate 
(4) Stomatal conductance 
(5) Transpiration rate 
(6) Photosynthetic water use efficiency 
3.2.3 Biochemical traits 
(1) Non-structural carbohydrate 
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(2) Structural carbohydrate 
(3) Soluble, insoluble and total protein 
(4) lAA Oxidase 
(5) Ethylene evolution 
3.2.4 Antioxidants 
(1) Ascorbic acid 
(2) Catalase 
(3) Peroxidase 
(4) Superoxide dismutase 
(5) Phenol 
3.2.5 Yield traits 
(1) Seed number per plant 
(2) 100 seed weight 
(3) Total biomass 
(4) Seed weight per plant 
3.3 Chlorophyll estimation 
Chlorophyll was estimated according to the method of Mac 
Kinney (1941). 500mg of fresh leaves was ground in mortar and 
pestle in the presence of sufficient amount of 80% acetone. The 
extract was filtered with whatman filter paper and supernatant was 
collected in a volumetric flask. The residue was washed repeatedly 
and with each washing the supernatant was collected. Finally the 
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volume was made up with the 80% acetone up to 50ml. The 
transmittance was read at 663 and 645nm on a spectrophotometer 
(SL-171, Elico, India). The following formula was used to 
calculate chlorophyll content. 
Chlorophyll a = [0.0127 x 663(OD) - 0.00269 x 645(OD)] x Df 
Chlorophyll b = [0.0229 x 645(OD) - 0.00468 x 663(OD)] x Df 
Df = 250 
V X w 
Chlorophyll (total) = 20.2 (645) + 8.02 (663) x 
1000 
V = volume of the solution 
w = weight of the leaf 
3.4 Carotenoids 
The extract of plant tissue for estimation of carotenoids is 
same as for chlorophyll estimation. The transmittance was read at 
510 and 445nm on a spectrophotometer (SL-171, Elico, India). The 
following formula was used to calculate carotenoid content. 
7.6 X (480) - 1.49 X (510) 
Carotenoid mg/g fresh leaf = 
d X 1000 X w 
d = length of the light path 
w = fresh weight of the leaf 
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3.5 Structural and Non-structural carbohydrate 
For estimation of structural and non-structural carbohydrate, 
estimations of soluble, insoluble, total sugar and starch were done. 
Soluble and insoluble carbohydrate were extracted according to 
method of Yih and Clark (1965) and estimated by the method of 
Dubois et al. (1956). 
3.5.1 Extraction 
50mg of dried sample powder was transferred to a centrifuge 
tube. 5ml of 80% alcohol was added and heated for 10 minutes on 
water bath at 60°C. After cooling, the samples were centrifuged at 
4,000 rpm for 10 minutes. Supernatant was taken in a 25ml 
volumetric flask and volume was maintained with 80% ethyl 
alcohol. This extraction is meant for soluble carbohydrate. Then 
the residue was preserved for estimation of insoluble 
carbohydrate. 
In a centrifuge tube containing residue, 5ml of 1.5N H2SO4 
was added and heated on water bath for 2h at 90-95°C. After 
cooling it was centrifuged at 4,000 rpm for 10 minutes. 
Supernatant was collected in 25ml volumetric flask and the 
volume was maintained with distilled water. 
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3.5.2 Estimation of soluble carbohydrate 
1ml of ethyl alcohol extract in a test tube was dried on water 
bath. When alcohol was completely evaporated, then the test tube 
was taken out and cooled. After cooling 2ml of distilled water, 
1ml of 5% phenol and 5ml of concentrated H2SO4 were added. 
Colour of the extract turned yellow orange. It was cooled for half 
an hour and read at 490nm on a spectrophotometer (SL-171, Elico, 
India). 
3.5.3 Estimation of insoluble carbohydrate 
1ml of H2SO4 extract was taken in a test tube to which 1ml 
of 5% phenol and 5ml of concentrated H2SO4 were added and a 
yellow orange was developed which was read at 490nm on a 
spectrophotometer (SL-171, Elico, India). 
3.5.4 Standard curve 
40mg of glucose was dissolved in 100ml of distilled water. 
From this stock solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 
and 1.0ml were taken and volume was maintained up to 2ml with 
the distilled water. This was followed by the addition of 1ml of 
5% phenol and 5ml of concentrated H2SO4. It was kept in chilled 
water to cool. After half an hour the colour was read at 490nm on 
a spectrophotometer (SL-171, Elico, India). 
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3.6 Starch 
Starch is the storage form of carbohydrate in plants. It was 
determined on dry residue left after sugar extraction (Mc Cready 
et al. 1950). 
3.6.1 Procedure 
200mg leaf sample was homogenized in hot 80% ethanol to 
remove soluble sugar. It was centrifuged and was retained. The 
residue was washed repeatedly with hot 80% ethanol till the 
washing did not give colour with anthrone reagent. The residue 
was dried well on a water bath. 
To the residue 5ml of water and 6.5ml of 52%) perchloric 
acid were added and extracted at 0°C for 20 mintutes. It was 
centrifuged and supernatant was saved. The extraction was 
repeated using fresh perchloric acid. The supernatant was 
collected after every centrifugation and the volume was made to 
100ml. 0.1ml of the supernatant was pipetted and diluted to 1ml 
with distilled water. Following this 4ml of anthrone reagent was 
added to each tube. It was heated for 8-10 minutes on a boiling 
water bath, which was cooled rapidly. The green colour intensity 
was read at 630nm on a spectrophotometer (SL-171 Elico, India). 
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3.6.2 Standard for starch 
Stock solution was prepared from glucose. lOOmg of glucose 
was dissolved in lOOml of water. lOml of stock solution was 
diluted to 100ml with distilled water. From this solution 0.2, 0.4, 
0.6, 0.8 and l.Oml of solutions were taken and made to 1ml in each 
test tube with distilled water. To this 4ml of anthrone reagent was 
added to each test tube and heated for 8-10 minutes on boiling 
water bath and then it was cooled rapidly. The intensity of green 
to dark green colour was read on a spectrophotometer (SL-171, 
Elico, India) at 630nm. 
Total non-structural carbohydrate was computed by adding 
total soluble sugar and starch contents (Allen et al., 1988). 
3.7 Estimation of protein 
Protein was estimated from the method of Lowry et al. 
(1951) 50mg of dried sample powder was transferred in a 
centrifuged tube to which 5ml of distilled water was added. The 
sample was centrifuged at 4,000 rpm for 10 minutes. Supernatant 
was collected in 25ml of volumetric flask. Together with 2 
washings the residue was preserved for the estimation of insoluble 
protein. 
To the residue 5ml of 5% trichloric acid was added. The 
solution was then allowed to stand for 30 minutes at room 
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temperature with thorough shaking. It was then centrifuged at 
4,000 rpm for 10 minutes and supernatant was discarded. A 5ml of 
IN NaOH was mixed well with the residue and allowed to stand on 
water bath at 80°C for 30 minutes. Solution was allowed to cool 
and was centrifuged at 4,000 rpm again. Supernatant together with 
3 washings with IN NaOH was collected in 25ml of volumetric 
flask. Volume was made up to the mark with IN NaOH and used 
for estimation of insoluble protein. 
1ml of NaOH extract was transferred to 10ml test tube and 
5ml of reagent D (Appendix) was added to it. Solution was mixed 
well and allowed to stand for 10 minutes at room temperature and 
0.5ml of reagent E (Appendix) was added rapidly with immediate 
mixing. After 30 minutes the intensity of blue colour was 
measured at 660nm. 
For soluble protein 1ml of water extract was transferred to 
10ml test tube and 5ml of reagent C (appendix) was added to it. 
The solution was mixed well and allowed to stand for 10 minutes 
at room temperature and then 0.5ml of reagent E (Appendix) was 
added rapidly with immediate mixing. After 30 minutes the blue 
coloured solution was transferred in a colorimeter tube and 
absorbance was read at 660nm on a spectrophotometer (SL-171, 
Elico, India). 
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3.7.1 Standard for protein 
A 50mg of Bovine Serum albumin was dissolved in distilled 
water and volume was made up to 50ml. 10ml of the stock solution 
was diluted to 50ml with distilled water. 1ml of this solution 
contains 200|iig protein. Of this standard solution 0.2, 0.4, 0.6, 0.8 
and 1.0ml were taken out into a series of test tubes. The volumes 
were made to 1ml in all test tubes. 5ml of reagent C (Appendix) 
for soluble protein and 5ml of reagent D (Appendix) for insoluble 
protein was added to each tube. It was mixed well and allowed to 
stand for 10 minutes. A 0.5ml of reagent E (Appendix) was added 
and mixed well and incubated at room temperature in the dark for 
30 minutes. The intensity of blue colour was measured at 660nm 
on a spectrophotometer (SL-171 Elico, India). 
3.8 lAA oxidase 
Extract for lAA oxidase was prepared by macerating the 
tissue in acetate buffer (pH 4.0) and incubating the homogenate 
with polyvinyl pyrrolidone as described by Quesada et al. (1992). 
The lAA oxidase was measured by taking in a test tube 1.5ml of 
0.05M phosphate buffer (pH 6.8), 1ml of 0.05M H2O2, 1ml of 
enzyme extract and 1ml of 2mM lAA and these were incubated for 
Ih at 25°C. The left over lAA was estimated according to Gordon 
and Weber (1951). To 1ml of aliquot, 20ml of FeCl3"HC104 reagent 
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(1ml of 0.5M FeCl3 and 50ml of 30% HCIO4) was added and 
absorbance was read after 25 minutes at 530nm. The protein 
content in the enzyme extract was estimated following Lowry et 
al. (1951). 
3.9 Ethylene evolution 
For ethylene measurement leaf material was trimmed to 
small pieces, weighed and placed in 30ml tubes, which were 
stoppered with rubber secure cap and placed in light for 2h under 
the same conditions as used for plant growth. Ethylene content in 
the gas phase of tubes was determined from 1ml samples removed 
from the tubes and injected into a Nucon GLC 5700 gas 
chromatograph fitted with a flame ionisation detector and 1.8m x 
4mm glass column packed with 80-100 mesh porapack-N. The 
oven temperature was 100°C. The flow rates of nitrogen and 
hydrogen were 30ml min"', and of oxygen was 300ml min' ' . 
Ethylene identification was based on the retention time compared 
with a pure ethylene standard 
3.10 Antioxidants analyses 
3.10.1 Estimation of ascorbic acid 
Ascorbic acid was estimated by the visual titration method 
based on the reduction of 2, 6 dichlorophenol dye (Mahadevan and 
Sridhar, 1996). 
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3.10.1.1 Preparation of extract V,-. ^ y 
500mg of leaves were crushed in 2ml of oxalic acid in 
mortar and pestle for 5 minutes. The extract was filtered through 
two layered cheese cloth and centrifuged at 1,000 rpm for 20 
minutes. 
5ml of 0.4% oxalic acid extract was taken in a white 
porcelain dish and was titrated against the indophenol reagent 
until the solution became pink. 
Standard was prepared for ascorbic acid. The indophenol 
reagent was standardised before use. A 5ml of standard ascorbic 
acid solution in a white porcelain dish was titrated against 
indophenol dye until the solution became pink and the colour 
persists for at least 15 seconds. 
3.11 Estimation of superoxide dismutase (SOD), peroxidase 
(APX) and catalase 
0.5gm of leaf tissue was homogenized in 5ml of 50mM 
phosphate buffer (pH-7) containing 1% polyvinyl pyrrilidone. The 
homogenate was centrifuged at 15,000 rpm for 10 minutes at 5°C 
and the supernatant obtained was used as extract for superoxide 
dismutase (SOD) peroxidase (APX) and Catalase. 
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3.11.1 Estimation of SOD 
The activity of SOD was measured by the method of 
Beauchamp and Fridovich (1971). A 3.1ml of reaction mixture 
containing 1ml of 50mM phosphate buffer (pH 7.8), 13mM 
methionine - 0.5ml. 0.5ml of 75^M NBT, 0.5ml of 2^M 
riboflavin, 0.5ml of O.lmM EDTA and 0.1ml of enzyme extract 
was made. Riboflavin was added in the last. The absorbance of the 
reaction mixture was read at 560nm on a spectrophotometer (SL-
171, Elico, India). 
3.11.2 Estimation of APX 
A 3ml of pyrogallol phosphate buffer and 0.1ml of enzyme 
extract, 0.5ml of 1% H2O2 were mixed in a cuvette and change in 
absorbance at 20 seconds interval for a period of 3 minutes was 
read at 420nm on a spectrophotometer (SL-171, Elico, India). The 
control set was prepared by boiling the enzyme extract (Chance 
and Maehly, 1956). 
3.11.3 Estimation of Catalase 
The estimation of catalase was done by permanganate 
titration method (Chance and Maehly, 1956). For estimation of 
Catalase, 3ml of phosphate buffer (pH 6.8), 1ml of H2O2 and Iml 
of enzyme extract were mixed and this mixture was incubated at 
25°C for 1 minute. Then 10ml of H2SO4 was added. The mixture 
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was titrated against O.IN potassium permaganate to find the 
residual H2O2 until a faint purple colour persists for at least 15 
seconds. Similarly, a control set was maintainec in which the 
enzyme activity was stopped by the addition of H2SO4 prior to the 
addition of enzyme extract. 
3.12 Estimation of phenol 
500mg leaf tissues were cut into a pieces of 1-2 cm and were 
immediately plunged into boiling ethyl alcohol and allowed to boil 
for 5-10 minutes. The extract was cooled in a pan of cold water. 
The tissue was crushed thoroughly in a mortar with pestle for 5-10 
minutes and passed through two layers of cheese cloth and re-
extracted the tissue for 3 minutes in boiling 80% alcohol. Then it 
was cooled and passed through cheese cloth. This extract was used 
for the estimation of phenol. 
1ml of the extract was taken in a graduated test tube and 1ml 
of Folin-ciocalteu reagent was added followed by the addition of 
2ml of Na2C03 solution. The tube was shaken and heated on 
boiling water bath for exactly 1 minute. It was cooled under a 
running water tap. The blue solution was diluted to 25ml with 
distilled water and its absorbance was read at 650nm on a 
spectrophotometer (SL-171, Elico, India). For standard lOOmg 
cotechol was dissolved in 100ml of distilled water. It was diluted 
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in 10 times for a working standard. A 0.2 to 2ml was pipetted into 
test tube and the volume was made in each tube to 3ml with 
distilled water and 0.5ml of Folin-ciocalteau reagent was added. 
After 3 minutes 2ml of 20% Na2C03 solution was added to each 
tube. It was mixed thoroughly and the tubes were placed in a 
boiling water for exactly one minute then cooled and absorbance 
was read at 650nm. 
3.13 Analyses of i r r igant 
The irrigation water was analysed for the following physio-
chemical characteristics. The procedures for these determinants 
were adopted from Ghosh et al. (1983). 
1. pH 
2. Dissolved oxygen 
3. Chloride 
4. Hardness 
5. Nitrate 
6. Phosphate 
7. Potassium 
8. Calcium 
9. Magnesium 
10. Carbonate 
11. Bicarbonate 
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12. Total dissolved salts 
3.13.1 Estimation of dissolved oxygen 
The water was collected in BOD bottle carefully without any 
shaking and air bubbles. Immediately after the sampling 1ml of 
MnS04 and 1ml of alkaline KI solution were added and kept for 10 
minutes. The bottle upturned several times and 2ml of 
concentrated H2SO4 was added and shaken. 100ml of this solution 
was taken into a conical flask and titrated against 0.025N sodium 
thiosulphate solution using starch solution as an indicator. 
3.13.2 Estimation of chloride 
5ml of water sample was diluted to 25ml with distilled 
water. Then 5-6 drops of K2Cr04 indicator was added. This was 
titrated against 0.02N AgNOs solution till the first brick red colour 
appeared. 
3.13.3 Estimation of hardness 
50ml of sample was taken in a conical flask and 1ml of 
buffer solution was added with 100-200mg of Eriochrome Black-T. 
The solution turned wine red which was titrated against EDTA 
solution. 
3.13.4 Estimation of nitrate 
20ml of water sample was evaporated to dryness on a water 
bath then it was cooled and 3ml of phenol disulphonic acid was 
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added and kept for 15 minutes. After adding 15ml of distilled 
water, contents were transferred to lOOml volumetric flask where 
ammonia in 1:1 ratio was added till yellow colour developed. To 
this 2ml of ammonia was added and volume was made up to the 
mark. The colour was read at 420nm on spectrophotometer (SL-
171, Elico, India). 
0.721g KNO3 was dissolved in 100ml and diluted to 10 
times. Fro this solution different concentrations i.e. 2, 5, 10, 15, 
20 and 25ml were evaporated and cooled down. 3ml of phenol 
disulphonic acid was added and yellow colour was read at 420nm 
on a spectrophotometer (SL-171, Elico, India). The curve was 
made by plotting the concentration on X-axis and OD on Y-axis. 
3.13.5 Estimation of phosphate 
5ml of water sample was taken in a conical flask to which 
5ml of both Olsen's reagent and Dickmans and Bray's reagent 
were added. The volume was made 22ml with distilled water. After 
adding 1ml stannous chloride, the volume was maintained to 25ml 
with distilled water and colour was read at 660nm on a 
spectrophotometer (SL-171, Elico, India). 
3.13.5.1 Standard curve for phosphate 
0.439g of potassium dihydrogen orthophosphate (KH2PO4) 
was dissolved in half litre of distilled water. To this, 25ml of 
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7N-H2SO4 was added and the volume was made upto 1 litre with 
distilled water, giving lOOppm stock solution of phosphorus 
(lOOjig P/ml). From this, 2ppm phosphorus solution was made 
after 50 times dilution. For the preparation of the standard curve, 
different concentrations of phosphorus (1, 2, 3, 4, 5 and 10ml of 2 
ppm phosphorus solution) were taken in 25ml volumetric flasks. 
To these, 5ml of extracting reagent (Olsen's reagent) was added. 
The colour was developed by adding Dickman and Bray's reagent 
and stannous chloride and read at 660nm. 
3.13.6 Estimation of potassium 
Potassium concentration was determined flame 
photometrically. 
3.13.6.1 Standard curve for potassium 
A stock solution of lOOppm was prepared in dissolving 1.90 
gm of KCl in one litre of DW. Dilute solution of 2, 5, 10, 15 and 
25 potassium were prepared from the above stock solution. 
Standard curve was prepared by putting the flame photometer 
readings against concentration of potassium. 
3.13.7 Estimation of calcium 
50ml of waste water was taken in a conical flask and 2m) of 
IN NaOH and muroxide indicator was added. It was titrated 
against O.OIM EDTA. 
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3.13.8 Estimation of magnesium 
Magnesium was estimated by the following formula. 
Magnesium (mg/1) = Total hardness - Ca hardness x 0.243 
Ca hardness = Ca x 2.497 
3.13.9 Estimation of bicarbonate 
50ml of sample was taken in a flask and 2 drops methyl red 
solution was added. It was titrated against O.OIN H2SO4 till the 
colour change from yellow to rose red. This indicated HCO3 
concentration. 
3.13.10 Estimation of carbonate 
50ml of water sample was taken in clean flask. To this 5 
drops of phenolaphthaleine was added. The sample was titrated 
against O.OIN H2SO4 till the solution became colourless. 
3.13.11 Estimation of TDS 
A lOOml titrated sample was taken in the evaporating dish 
and was evaporated on a water bath. TDS was calculated as 
follows. 
TDS (gm/1) = (A - B X lOOO) / v 
3.14 Statistical analysis 
All the data were statistically analysed following the method 
of Gomez and Gomez (1984). 
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Chapter-4 RESULTS AND DISCUSSION 
The results obtained on the use of waste water application 
for cabbage cultivation are described in the following pages and 
discussed with possible explanation in the light of available 
literature. 
4.1 Irrigation water 
Analyses of the irrigant showed that the pH of ground water 
and waste water was more or less similar and neutral. Dissolved 
oxygen was low in waste water compared to the ground water, but 
the values for other characteristics like nutrient and total 
dissolved solids were higher in waste water (Table 1). Nitrates and 
phosphates, in particular were several times higher in waste water 
than ground water. The hardness of the waste water together with 
calcium and magnesium may have unfit effects on long-term use. 
Other workers have also noted high plant nutrient content in other 
waste water (Palazzo et al., 1979; Vimal et al., 1985; Baddesha et 
al., 1986; Kord, 1987; Kate et al., 1992; Aziz and Inam, 1995; 
Vazquez et al., 1996). 
4.2 Growth traits 
The data on growth characteristics were significant at 50 and 
80d after sowing. Higher values for leaf number, leaf area, fresh 
X 
p-
P H 
O 
X 
0£l 
o 
1 3 
C<3 
(IJ 
t/2 
I d 
c 
o 
o 
a 
o 
o 
o 
I 
o 
o 
en 
• M 
KM 
-!d 
o 
on 
O 
o 
S-H 
03 
o 
t ^ 
^' 
o 
m 
(N 
O 
o 
\6 
m 
'~^ 
O 
o 
o 
en 
c<-) 
^ H 
o 
as 
r - i 
o 
(N 
O 
o 
r-
T—I 
(N 
r—1 
' O 
>o 
^ H 
o 
o 
ri 
m 
^-H 
o 
o 
r-
>n 
o 
o 
'^ 
ON 
>vO 
O 
O 
^' 
CN 
CN 
o 
o ^ 
r-
o 
o 
o 
o o en 
o 
o o ON 
O 
ON 
vo O 
\0 T-H 
Q 
2; 
o 
ON 
00 
'vO 
o 
o 
T - H 
>o 
i n 
K 
P H 
o 
V) 
on 
Q 
O 
!5 
u 
en 
in 
Pi 
•TS 
E 
<u 
z 
OH 
t/5 
O 
& H 
B 
• 1—1 
en 
IZI 
c3 
O 
OH 
6 
o 
13 
O 
6 
on 
o 
-o 
as 
U 
o 
l-H 
C j 
o 
m 
• I—1 
'o 
en 
on 
en 
• »-H 
13 
o 
H 
t 3 
o 
Q 
:z 
64 
weight and dry weight of plant and leaf dry weight were higher in 
waste water irrigation than ground water irrigation. Specific leaf 
weight was significantly decreased at 50d after sowing, but 
increased at 80d after sowing in waste water (Table 2). The 
increase in growth characteristics with waste water is evident from 
data on water analysis, which showed high content of essential 
nutrients present in the waste water. Plant nutrients, were 
metabolised into macromolecules and triggered the overall better 
growth of the plant. Needless to emphasize that plant nutrients are 
essential for crop growth and deve 
roles have well been documented in 
opment. Their physiological 
the literature (Salisburry and 
Ross, 1994).Moreover, this is to be emphasized here that cabbage 
is a leafy vegetable and nitrogen 
expansion and development of leaf, 
shows that waste water application b 
has an important role in 
The available literature also 
enefits the crop (Shagufta et 
al., 1988; Srivastava and Singh, 1990; Al-Jaloud et al., 1993; 
Szewazuk and Sugier, 1996; Paliwal e 
4.3 Photosynthetic traits 
The use of waste water 
/ « / . , 1998). 
significantly affected the 
'osynthetic rate, water-use characteristics. However, net pho' 
efficiency, chlorophyll b and total chlorophyll were non-
significant at 80d after sowing (Table 3). The characteristics 
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studied were enhanced with the waste water use. As was 
mentioned in preceeding pages that nitrogen in particular and 
other nutrients enhanced the growth of leafy vegetable cabbage, 
this resulted in accumulation of more phostosynthetic pigments 
(chlorophylls and carotenoids) and photosynthetic rate. The 
decrease in stomatal conductance at 50d after sowing helped 
increase in water-use efficiency in waste water. Muthuchelian et 
al. (1988) also observed increased chlorophyll content and 
photosynthetic rate in waste water. 
4.4 Biochemical traits 
The study of macromolecules like carbohydrate and protein 
and lAA oxidase activity and ethylene evolution showed that these 
characteristics were significantly affected by irrigant (Table 4). 
Except for lAA oxidase activity, other characteristics were 
increased in the waste water. The increase in structural and non-
structural carbohydrate may be attributed to the high 
photosynthate accumulation in waste water, which is a complex of 
several favourable phenomenon taking place when plants were 
grown with the waste water. High amount of nitrogen in waste 
water metabolized into macromolecules and protein content was 
increased (Fig. 2). The decreased activity of lAA oxidase and 
increased ethylene evolution suggest that there was involvement of 
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auxin synthesis in plants grown with the waste water. Possibly 
auxin content increased and led to higher evolution of ethylene in 
plants. This is to be emphasized here such hormonal changes with 
waste water application have not been reported earlier. 
4.5 Antioxidants 
Enzymic and non-enzymic antioxidants were studied in 
plants grown with ground water and waste water. Irrigant 
significantly increased antioxidant at 50 and 80d after sowing 
(except for peroxidase activity at 50d after sowing). The data are 
presented in Table 5. 
Plants have inherent defence mechanism for their survival 
under any kind of stress. Three enzymes in higher plants are 
important in reacting with and removing active oxygen species. 
These are superoxidase dismutase, catalase and peroxidase. 
Ascorbic acid and phenol are non-enzymic antioxidants. 
Superoxidase dismutase catalyses dismutation of superoxides and 
active oxygen formation. Similarly, catalase and peroxide provide 
measures to reduce levels of peroxides. Ascorbate also has 
importance in antioxidant defence. Phenolics compounds are 
among the most widely distributed secondary product in the plant 
kingdom. Many of these are physiologically and ecologically 
important and are involved in the resistance to different types of 
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stress (Delalonde et al., 1996). It has been reported that vegetable 
phenols have antioxidant qualities comparable to that of pure 
flavonol and superior to vitamin antioxidants (Vinson et al., 
1998). 
It was reported in the preceding pages that the plants thrive 
well in waste water because of presence of high amount of 
nutritional values. However, increase in antioxidants (Fig. 3) 
suggests that there was some kind of stress to plants grown with 
waste water. In response to such stress plants exhibited high 
antioxidant activity to have better effect on growth and yield of 
plant. In this regard it is mentioned here that the Aligarh city has 
number of electroplating units, which release Ni and Cr into the 
waste water led to cause stress and increased antioxidant activity 
was observed. However, this assumption needs to be verified in 
future studies. 
It is also inferred from the data that antioxidant capacity can 
be increased in situations where there is a oxidative load. Such 
increased antioxidant system would have a beneficial effect on 
yield of crops. 
4.6 Yield traits 
As for the effect of waste water for other characteristics at 
50 and 80d after sowing, plant final biomass at lOOd after sowing 
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was higher in the waste water. Fresh and dry weight of above 
ground plant and roots were higher in waste water (Table 6). For 
other vegetable crops also waste water application has been found 
useful (Lalymenko et al., 1987; Srivastava and Singh, 1990; Al-
Jaloud et al., 1993; Vazquez-Montiel et al., 1995; Veer and Lata, 
1997; Paliwal et al., 1998; Parmeshwaran, 1999). 
Conclusively, it may be said that waste water application for 
cabbage is beneficial, but its use also causes oxidative stress. Its 
long-term use on the physiological and biochemical aspects needs 
to be verified. The substance responsible for causing oxidative 
stress needs to be quantified. 
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APPENDIX 
APPENDIX 
A. Regent for water analysis 
(a) Potassium iodide solution :- lOg of KOH and 5g of KI were 
dissolved in 20ml of boiled distilled water. 
(b) Sodium thiosulphate solution :- 2.48g of NaS203 was dissolved 
in 100ml of distilled water and diluted to about four times. 
(c) Starch indicator :- 50mg of starch was dissolved in 50ml of hot 
water and a few drops of formaldehyde was added. 
(d) Olsen's reagent :- 9.2g of sodium carbonate was dissolved in 
100ml of distilled water. It was filtered and 200ml of HCl was 
added and the volume was made 500ml with distilled water, 
(e) Stannous chloride solution :- 2.5g fresh stannous chloride was 
dissolved in 100ml of glycerol and the solution was heated for 
some time on a water bath. 
(f) Dickman's and Bray reagent :- 75g of molybdate was dissolved 
in 15ml of warm distilled water. It was filtered and 200ml of 
ION HCl was added and the volume was made to 500ml with 
distilled water. 
(g) Phenol disulphonic acid :- 25g of pure phenol was taken in 
500ml conical flask and 150ml concentrated H2SO4 was added 
followed by the addition of 75ml of fuming sulphuric acid. 
The solution was heated on a water bath for two hours and 
kept in dark coloured bottle, 
(h) Sodium hydroxide solution (IN) :-40g of NaOH was dissolved 
in distilled water and volume was made 1 litre. 
(i) EDTA solution (O.OIN) :- 3.72g of EDTA was dissolved in 
distilled water and final volume was made 1 litre. 
(j) Phenolaphthalein indicator :- 0.5g of phenolaphthalein was 
dissolved in 50 ml of 95% ethanol and 50ml of distilled water, 
(k) Sulphuric acid (O.OIN) :- 0.272ml of H2SO4 was added in 
distilled water and volume was made to 100ml. 
(1) Methyl red indicator :- 0.5% solution of methyl red was mixed 
with 95% alcohol. 
B. Reagent for biochemical analysis 
(i) Protein 
(a) Regent A :- 2% of sodium carbonate + O.IN sodium hydroxide. 
(b) Regent B :- 0.5% copper sulphate + 1% sodium tartarate. 
(c) Reagent C :- Alkaline copper sulphate solution was obtained 
by mixing 50ml of reagent A with 1ml of reagent B. 
(d) Reagent D :- Carbonate CUSO4 solution - same as reagent C 
except for the omission of NaOH. 
(e) Reagent E :- Folin's reagent, diluted with double amount of 
distilled water. 
Ill 
(ii) Carbohydrate 
(a) 80% ethyl alcohol :- 80ml ethyl alcohol was mixed with 20ml 
of distilled water. 
(b) 1.5N H2SO4 :- 10.4ml H2SO4 was added with 239.5ml of 
distilled water. 
(c) 5% phenol :- 5ml phenol mixed with 95 ml of distilled water. 
(d) Anthrone reagent :- 200mg of anthrone was dissolved in 100ml 
of ice cold 95% sulphuric acid. 
(e) 52% perchloric acid ;- 52ml perchloric acid added with 48ml 
of distilled water. 
C. Reagent for antioxidants 
(i) Superoxide dismutase 
(a) Phosphate buffer (50mM, pH 7.8) :- It was prepared by mixing 
1.78g Na2HP04 and 1.56g of NaH2P04 in 100ml of distilled 
water separately and mixing 91.5ml of Na2HP04 with 8.5ml of 
NaH2P04. 
(b) 13mM Methionine :- It was prepared by dissolving 0.193g of 
methionine in 100ml of distilled water. 
(c) 75fiM Nitrobluetatrazelium (NBT) :- 6.13mg of NBT was 
dissolved in 100ml of distilled water. 
(d) 2M Riboflavin :- 0.732mg of riboflavin was dissolved m 
100ml of distilled water. 
IV 
(e) O.IM EDTA ;- 2.92g EDTA was dissolved in 100ml of distilled 
water. 
(ii) Catalase 
(a) O.IM Phosphate buffer (pH 6.8) :- 3.54g of Na2HP04 was 
dissolved in lOOml of distilled water and 3.12g of NaH2P04 
was added to 100ml of distilled water. 49ml of NaH2P04 was 
mixed with 51ml of NaH2P04. 
(b) O.IM H2O2 :- 0.34ml of H2O2 was added to 100ml of distilled 
water. 
(c) 2% H2SO4 :- 2ml of H2SO4 was added to 98ml of distilled 
water. 
(d) O.OIN KMn04 :- This was made by dissolving 0.162g of 
KMn04 in 500ml of distilled water. 
(iii) Peroxidase 
(a) 0.05M Pyrogallol :- It was prepared by dissolving 0.63g of 
pyrogallol in 100ml of distilled water. 
(b) Phosphate buffer (pH 6) :- 3.54g of Na2HP04 was dissolved in 
100ml of distilled water and 3.72g of NaH2P04 was added to 
100ml of distilled water. To this 12.3ml of Na2HP04 was 
added to 87.7ml of NaH2P04. 
(c) Pyragallol phosphate buffer ;- It was prepared by mixing 25ml 
of pyrogallol in 75ml phosphate buffer. 
(iv) Ascorbic Acid 
(a) Ascorbic acid standard solution :- To 50ml of 0.4% oxalic acid 
50mg of ascorbic acid was added and volume was made to 
250ml with oxalic acid. 
(b) Indophenol reagent :- 50mg of sodium 2, 6 dichlorophenol was 
added to 150ml of distilled water and this was warmed gently 
on hot water to dissolve the dye. To this 42mg of NaHCOs was 
added, cooled and the final volume was made to 200ml with 
distilled water. 
(v) Phenol 
(a) Folin-ciocalteu reagent :- Folin reagent was diluted with 
double amount of distilled water. 
(b) 20% sodium carbonate :- 20ml of sodium carbonate was 
dissolved in 80ml of distilled water. 
